Apparatus for measuring multiphase fluid flows comprising first and second sections each comprising a flow passage having means for making a dynamic pressure measurement on the multiphase fluid flow therethrough, the geometry of the first and second sections differing so as to affect a relationship between void fraction and velocity for the phases in a known manner. The difference in geometry
between the two sections can be in the area of the flow passages or in the direction of flow relation to gravity. A method of measuring multiphase flows comprising the steps of: a) directing the flow through a first flow passage including means for making a dynamic pressure measurement; b) measuring a pressure drop across said means; c) directing the flow through a second flow passage including means for making a dynamic pressure mea Surement, d) measuring a pressure drop across said means; and e) calculating the composition and flow rates of the phases from the measured pressure drops.
The method optionally includes the further steps of directing the flow through a pair of passages and f) intermittently isolating one or other of said pair of passages to prevent flow therethrough; g) measuring at least one property of the fluid as the phases separate in the isolated passage.
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FLOW MEASUREMENT SYSTEM BACKGROUND OF THE INVENTION
The present invention relates to a system for measuring flows of fluids which comprise more than one discrete phase. In particular, the invention relates to a system for measuring two or three phase flows from hydrocarbon wells.
The problems associated with measuring the flow rate of a multiphase fluid are well known. Techniques which are applicable to single phase flows, such as impeller systems and the like, have been shown to be highly inaccurate in multiphase flows, and often more than one measurement must be made to enable an accurate measurement of the volumetric flow rates of the various phases. In the oil and gas industry the measurement of multiphase flow is routinely encountered and in the case of producing wells it is common for the produced fluid to comprise a mixture of oil, water and often gas as well. Since it is important to determine the volumetric flow rates of the individual phases at times throughout the life of the well to determine if any remedial action is required to improve or restore the productivity of the well and to assess exactly how much oil is being produced, various methods of flow measurement have been proposed Typically, the fluids are fed to separators and the volumes of each phase determined separately. However, this requires a large installation and is not able to give an instantaneous determination of the current production from a well. A typical surface system fluid from the well head passes through a choke manifold which can either be a separate system or part of a heater-steam exchange. The fluid is then divided into individual phases with a three phase separation and the flow rates measured at separation temperature and pressure. Samples of the fluids at these conditions are taken, the oil sample being used to determine the oil "shrinkage factor'. The oil phase is passed to a gauge tank at atmo spheric pressure which permits calibration of the flow meters and atmospheric oil samples to be taken.
Systems for measuring multiphase flow are described in U.S. Pat. No. 4,856,344. The system described in this patent comprises a gradio-venturi flow meter arrangement which, by means of differential pressure measurements along its length, provides information concerning the flow rates of the phases. A homogenizer comprising a step discontinuity in the pipe diameter is provided upstream of the measurement section in order to ensure that the separate phases are well mixed in the measurement section.
In GB 1,272,152, GB 1,461,537 and in the Paper 6.2 North Sea Flow Measurement Workshop. 1990, National Engineering Laboratory, Glasgow entitled "Simple Full Bore Water-Cut Measurement Technique" by D. Brown and J.J. der Boer, there are proposed various systems for making measurements on multiphase flows. In each case, the appa ratus has the form of an inverted "U', and a series of pressure measurements are made at differing heights in each leg of the "U" and compared to determine some parameter of the flow. Since none of the measurements relate to dynamic pressure changes, determination of the flow rates of the phases is not possible from the pressure measurement alone.
Measurement of the complex impedance of a multiphase fluid can also provide information on the flow rates, but calibration of the meters is important in view of the poten tially large effects of relatively small changes in the com position of the fluid phases. In our co-pending European 2 patent application no. 91202327.2 there is described a system in which the flow is directed through a pair of parallel instrumented flow passages. Periodically, one or other of the passages is isolated from the flow and the fluid therein is allowed to separate under the effect of gravity. Measurements are made on the separating mixture at dif ferent locations along the passage such that the concentra tion of each phase and its contribution to the complex impedance can be determined.
SUMMARY OF THE INVENTION
It is an object of the present invention to provide a system in which the volumetric flow rates of the different phases in a multiphase flow can be determined substantially continu ously.
A first aspect of the present invention provides an appa ratus for measuring multiphase fluid flows comprising first and second sections each comprising a flow passage having pressure measurement means so as to measure the mul tiphase fluid flow therethrough, the geometry of the first and second sections differing so as to affect a relationship between void fraction and velocity for the phases, charac terized in that the pressure measurement means comprise dynamic pressure measurement means and in that the geom etry of the first and second sections differs in respect of the area of the flow passages and/or the direction of flow in relation to gravity.
The difference in geometry between the two sections can be in the area of the flow passages or in the direction of flow relation to gravity. In the first case, the second section can have a smaller flowing area than the first. In the second case, the first section can have an upward component and the second section a downward component. Conveniently, the sections are substantially vertical such that flow is up in the first section and down in the second section.
The means for making a dynamic pressure measurement can comprise any suitable device for measuring a pressure drop when the flow passes through the device and might also be known as differential pressure devices. Dynamic pressure measurement means include gradio-venturi devices, orifice plates, nozzles, Bernoulli devices and the like.
In one embodiment of the invention, one of the sections comprises a single flow passage and the other section comprises a pair of passages and includes means to isolate one or other of the pair of passages and means to measure at least one property of the fluid in the isolated passage as the phases separate.
It is preferred that both the first and second sections comprise pairs of passages and include means to isolate one or other of the respective pair of passages and means to measure at least one property of the fluid in the isolated passages as the phases separate. The means to measure at least one property of the fluid can comprise one or more impedance meters.
The present invention also provides a method of measur ing multiphase flows comprising the steps of: a) directing the flow through a first flow passage including means for making a dynamic pressure measurement; b) measuring a pressure drop across said means; c) directing the flow through a second flow passage including means for making a dynamic pressure mea Surement, d) measuring a pressure drop across said means; and 5,608, 170 3 e) calculating the composition and flow rates of the phases from the measured pressure drops.
One embodiment of the method includes the further steps of directing the flow through a pair of passages and f) intermittently isolating one or other of said pair of passages to prevent flow therethrough; g) measuring at least one property of the fluid as the phases separate in the isolated passage.
In this embodiment of the method according to the invention, the flow can be directed upwardly through a substantially vertical passage in which the pressure drop is measured, and downwardly through a pair of substantially vertical flow passages in which the pressure drop is mea sured and which are isolated and measured as before.
Alternatively, the flow is directed upwardly through a first pair of passages and downwardly through a second pair of passages, one or other passage of each pair being isolated and measured as before.
It is preferred that each flow passage includes a plurality of devices for making measurements on the flowing fluid. The passages can all be substantially identical except for vertical orientation. It is preferred that each passage of a pair is substantially identical and includes the same devices for monitoring the fluid as the phases separate.
The devices for measuring the parameters of the flowing fluid typically include differential pressure devices, gradio venturi devices and impedance meters. The devices for measuring the properties of the fluid as the phases separate The two test sections are identical mechanically and in terms of instrumentation. The only difference is in their orientation with respect to gravity. Each test section com prises a gradiomanometer section 44 and a fixed venturi 46 with the option of adding a second venturi 40% along the length of the manometer section 44.
The valves 26-32 are arranged such that only one of the passages in the first section and the corresponding passage in the second section is connected to the flowing fluid at any one time, the remaining two passages being isolated from the flowing fluid. Periodically the valves are operated such that the isolated passages are connected to the flow and the previously flowing passages are isolated. Thus at any one time one pair of passages (together forming an inverted 'U' section) is measuring the flowing fluid while the other makes measurements as the phases separate in order to calibrate the sensors with a current sample of the fluid.
An inverted 'U' section has the benefit of different slip velocities in the two 'arms', an increase in the total volume without paying a height penalty, and when the valves are closed and separation of the phases started, the only phase which will go over the "crest of the U' will be gaseous. The two arms are effectively separate as far as the liquid phases are concerned as long as the volume of fluid in the crest is small compared with the total test section volume. The liquid volume fractions measured in the two arms will therefore reflect the concentration in that arm; if the slip in the arms are different, then the concentrations will also be different.
FIG. 2 shows a detailed view of a flow passage. This consists of a valve (not shown) in a nominal 60 mm bore pipe 50 with an expansion 51 to a 280 mm bore pipe 52 which comprises the main test section 54 (e.g., gradioma nometer); then a venturi contraction 56 to a 60mm bore pipe 58. The second test section is of identical design but rotated (i.e., inverted) 180 degrees.
The expansion 51 expands from 60 ram to 280 ram, and has a 90 degree included angle. The expansion is designed to create a mixing of the fluid. The ideal total included angle is 180 degrees, but this would create a trap for solids or gas depending on orientation.
The 280 mm bore pipe 52 has a relatively large diameter which reduces the flow velocities in turn which means a gradiomanometer will not require a friction correction and the total volume of the 'U' section is maximized with minimum height. The venturi section 56 comprises a straight contraction with a 21 degree included angle. The contraction ratio is the largest that can be achieved with the pipes used; smaller contraction ratios can be obtained by adding further venturi sections.
The If the boundary between two phases is sited between the pressure tappings across the venturi section, then the bound ary position can be determined from the measurement of the hydrostatic head and knowledge of the pure phase densities. Differences in the slip velocities between the two legs will result in the phase boundaries being at different heights in the legs after separation.
Both legs of the 'U' section will have identical transduc ers, across the venturi and along the test section.
The differential pressure APg, measured by the gradioma nometer is given by: f=function of Reynolds number f typically=0.006 for single phase, smooth pipes where p=mixture density p(i) =density of phase i g=acceleration due to gravity h=distance between pressure tappings V=velocity f=friction factor D=pipe internal diameter c(i)=volume concentration of phase i Hence, a measurement of APg and knowledge of the frictional pressure drop Fm, allows the mixture density to be measured. For two phase flows, knowledge of the pure phase densities allows the phase concentrations to be calculated but this is not the case with three phase flows. The frictional pressure drop for two phase flows is typically calculated from a single phase calibration. However, this approach can introduce significant errors in the calculation of the void fraction. The calculation of the frictional pressure drop for three phase flows is considered to be complicated. In order to minimize the frictional pressure drop term the fluid velocity needs to be minimized and the pipe diameter maximized. If the frictional pressure drop, is ignored and the mixture density is calculated from the measured pressure drop, then the fractional error in the density is given by: fractional density error=2. By conservation of momentum in the gradio sections Here, Ap is the absolute value of the fluids' density difference, f is a (two-phase) friction factor, p is a mixture density defined by p=op+(1-0)p, AL is the separation of the pressure tappings, A is the cross-sectional area and D is the diameter of the pipe. Q is a mixture volumetric flowrate.
The equations which describe two-phase flow in the venturi sections are developed from the equations of con servation of mass and momentum. The development is similar to that for single-phase flow through a venturi, but is appropriately generalized to two-phase flow.
In the up leg of the UUC a mixture flowrate, Q, is related to the pressure differential by
where C is the discharge coefficient, E is a geometric factor defined by 5, 608, 170 In three phase flow the above relationships can be used; if there is no slip between the liquid phases, then the fluid can be considered as two phase (liquid+gas). This requires good mixing of the liquid phases. In the apparatus shown, a Venturi is positioned in each passage such that there is one with the flow direction against gravity, the other in the direction of gravity. This provides the potential for two different slip velocities in the two branches. This will not provide enough information to determine the four superficial velocities (gas and liquid per branch) but conservation of mass in the two branches allows a solution to the discon tinuous phase superficial velocities. It is possible to deter mine Zuber type slippage relationships from this phenom CO In the system there are several calibration constants, i.e., the discharge coefficient c of the venturi/orifice meters, the friction factor f in the gradio-manometers. With suitable design (mainly physical dimensions) the friction factors (or more correctly the Fanning Factors) can be minimized and be zero for certain flow rate ranges. The discharge coefficient (typically approximately 1 for a venturi and 0.6 for an orifice plate) requires single phase calibration over the operational flow ranges (unless the design is such that the coefficient can be calculated from the dimensions of the device).
There are two possibilities which are partial solutions to this problem: 1) with single phase fluid (e.g., water or oil) each of the gradio-venturi combinations will give the same results for mass flow rate and density (i.e., in single phase flow a gradio-venturi system provides enough information for the density and mass flow rate to be determined). This can be used as a check but it is not a true in-line calibration;
2) with a stock tank or other calibrated reservoir and single phase fluid flowing, the density and mass flow rate can be independently measured; these data can be used to deter mine the flow meter constants (discharge coefficient and friction factor)for each leg. This can be used as either an in-line calibration or a check of laboratory calibration.
A major disadvantage of the venturi is the turn-down ratio on pressure. Therefore for different flow velocities and a given differential pressure measurement range, different contraction ratios can be used to accommodate the turn down problem. Alternatively a variable range DP transmitter could be used. The use of orifice plates in the place of the venturi meters has a number of advantages. Venturi meters do not have a large dynamic flow range, so to cover a large range, the meter has to be either changed (i.e., removed and replaced with the line pressure being dropped to atmo , or there has to be a number of venturi meters in series. It is standard practice in oil-field applications to install orifice plates in orifice plate changers which allow the plates to be changed without dropping the line pressure to atmospheric. Furthermore, the physical length of an orifice plate is very small compared to a venturi meter and is generally of lower cost and weight.
Because in the apparatus continuous measurements are made in the passages in which fluid is flowing, the isolated section provides a 'sample' which can be used for in-line calibration. Periodically the 'sample' section becomes the flowing section and vice versa. The sample in the closed section will be representative of that flowing in the line at the sampling time if the valves close at an infinite rate. Fluid entering or leaving the section while the valves are closing will not necessarily be representative of that flowing in the main pipeline. The total volume of fluid that enters and leaves during valve closure can be used as a measure of the upper limit on the degree of non-representation of the isolated sample. The fractional error e, is given by a e total volume entering it leaving during valve closure total sample volume 2. V(i).A(t)at Measurement of the fluid dielectric constant and resistiv ity (i.e., the complex impedance) allows a determination of the volume concentrations of the phases, given the electrical properties of the pure phases and a model of the fluid impedance (see Dykesteen et al J. Phys. E18 1985) . There are a number of potential problems with this approach, a solution to some of which is an in-line calibration method of the type described in our co pending European application and used generally in the present invention. In this scheme the complex impedance of the flowing fluid is measured and then a sample of the fluid is isolated and the impedance measured at a number of vertical positions in the isolated sample using the same transducers as with the flowing fluid. The impedance is monitored against time while the fluid separates undergravity; at a given position the concentration will vary with time. The pure phase impedance measure ments are made when separation is complete. A mathemati cal model of the phase separation against time permits the calibration of the measurements against concentration. The basic concept is to use time as a "dummy variable linking the impedance to concentration. No prior knowledge of the impedance as a function of the pure phases impedances and concentrations is required; the initial mixture concentrations are determined from the separated volume fractions. 5,608,170 9 With no calibration of an impedance transducer, the output can be used as a "quality' monitor in combination with other measurements. For example, if, for a given section of the apparatus, the impedance while fluid is flowing is constant, then a function of the pure phases electrical properties, the concentrations and a shape factor is constant between the sample periods. If the concentrations and electrical properties of two consecutive samples are the same then there is reasonable confidence that the concen trations while flowing were constant; it is unlikely that the electrical properties of the pure phases will change on a time scale comparable with the sampling period.
An impedance transducer could be used in this "quality' mode to assess whether fluid entering the test section while the valves are closing is representative of the fluid flowing with the valves fully open. This is dependent on the response speed of the transducer relative to the valve closing time. Calibration may allow the degree of non-representation to be assessed. Design of animpedance transducer depends on the dynamic range, which is very large and the relatively small capacitances to be measured; spatial resolution is another factor which is involved in the electrode design. The appa ratus of the present invention can be incorporated into a surface testing system as shown in FIG. 3 . This is similar to that described above except that in the present case, after the heater-steam exchanger, the flow from the well is passed to an apparatus as described above where the flow measure ments are made. The fluids are passed from the apparatus to a separator where samples can be taken as before.
While the above described system relates to well testing, it will be appreciated that the simpler system can be used for continuous well monitoring.
A further embodiment of the invention is shown sche matically in FIG. 4 . In this case, the device is simply a flow meter with no sampling or in-line calibration provided although this could be achieved in a comparable way to the systems described above. In FIG. 4 , the device comprises two measurement sections A, B of different diameters and each including a measuring device M.M. such as a gradio venturi flow meter, orifice plate or the like, which measures substantially the same parameters of the flow in each sec tion. It will be appreciated that while the mass flow in each section is the same, the velocities and pressure drop will be different between the sections allowing the form parameters O1,02.O.Q. to be derived.
We claim:
1. An apparatus for measuring multiphase fluid flows comprising:
first and second sections each having a respective flow passage, said first and second sections having one of a differing area of flow and a differing direction of flow in relation to gravity so as to affect a relationship between a void fraction and a velocity for the phases; 3. An apparatus as claimed in claim 1, wherein said sections are substantially vertical, the direction of fluid flow being upwards in said first section and downwards in said second section.
4. An apparatus as defined in claim 1, wherein one of said sections comprises a pair of flow passages, means for isolating one of said flow passages of said pair, and means for measuring a further property of said fluid as the phases separate in said isolated passage.
5. An apparatus as defined in claim 4, wherein each of said sections comprises a pair of flow passages, said means for respectively isolating one of said flow passages of each pair, and means for measuring a further property of said fluid as the phases separate in said isolated passages.
6. An apparatus as claimed in claim 4, wherein said means for measuring comprises an impedance meter.
7. A method of measuring multiphase fluid flow, com prising the steps of: a) directing said flow through a first flow passage having first dynamic pressure measurement means; b) measuring a pressure drop across said first dynamic pressure measurement means; c) directing said flow through a second flow passage having a different geometry to said first flow passage, said second flow passage including second dynamic pressure measurement means; d) measuring a pressure drop across said second dynamic pressure measurement means; and e) calculating a composition and a flow rate of the phases from said pressure drops of said measuring steps.
8. A method as defined in claim 7, wherein one of said directing steps includes directing said flow through a pair of flow passages; and further comprising the steps of: f) isolating intermittently one of said flow passages of said pair to prevent said flow therethrough; and g) measuring a further property of said fluid as said phases separate in said isolated passage. 9. A method as defined in claim 8, further comprising the step of arranging each of said passages to be substantially vertical; and wherein said directing step (a) includes direct ing said flow in an upward direction to perform said mea suring step (b), said directing step (c) includes directing said flow in a downward direction through one of said pair of said second flow passages to perform said measuring step (d), and isolating the other one of said pair of said second flow passages to perform said measuring step (g).
10. A method as defined in claim 8, wherein said directing step (a) includes directing said flow in an upward direction through a first pair of passages, said directing step (c) includes directing said flow in a downward direction through a second pair of passages, and said isolating step (f) includes isolating one of each said passage of each said pair to perform said measuring step (g). k k k :k
